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Abstract U–Pb dating of detrital zircons from the lower Palaeozoic siliciclastic
rocks of southwestern Iberia (the Ossa–Morena Zone or OMZ: comprising the
Fatuquedo, Ossa, Colorada, and Terena formations) shows that sedimentation
during the middle–late Cambrian to Early Devonian was marked by slight varia-
tions in the source areas, involving the denudation of crustal blocks with similar
zircon-forming events typical of North Gondwana and the absence of volcanism
younger than ca. 470 Ma. The potential source areas of the middle–upper Cam-
brian to Lower Devonian sediments of the basins of the OMZ could be the
Neoproterozoic basement of the OMZ (the Série Negra) intruded by Cambrian and
Early Ordovician plutonic rocks, and/or the lower Palaeozoic sedimentary
sequences of the OMZ with Cambrian and Early Ordovician volcanics. In the
oldest siliciclastic rocks, the most relevant populations of detrital zircons have
Cryogenian and Ediacaran ages (the Ossa and Fatuquedo formations). Futhermore,
in the youngest siliciclastic rocks, in addition to Cryogenian and Ediacaran zircon
grains there are relevant clusters of Cambrian and Tonian ages (the Colorada
Formation). Cambrian and Ordovician zircon ages found in the Lower Devonian
greywackes (the Terena Formation) suggest intense denudation of the OMZ during
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the Early Devonian. No evidence was found of sources outside North Gondwana.
The lack of zircon-forming events younger than ca. 470 Ma seems to indicate that
the middle–upper Cambrian to Lower Devonian siliciclastic rocks of southwestern
Iberia were deposited on a distal shelf of the North Gondwana passive margin
related to the opening of the Rheic Ocean and in the absence of magmatic activity.
Keywords U–Pb detrital zircon geochronology  Middle–Upper Cambrian 
Ordovician  Lower Devonian  Rheic Ocean
The Ossa–Morena Zone (OMZ) is a peri-Gondwanan terrane that records, over the
interval ca. 550 to 400 Ma, the transition from an active margin with the formation
of Neoproterozoic magmatic arcs (the Cadomian orogeny; Linnemann et al. 2008;
Pereira et al. 2011, 2012) to a passive margin with the development of early
Palaeozoic basins dominated by siliciclastic deposition on a distal shelf (Robardet
and Gutierrez-Marco 2004) (Fig. 1). The formation of the lower Palaeozoic stra-
tigraphy began with siliciclastic and carbonate deposition related to the evolution
of a Cambrian–Ordovician intracontinental rift with significant magmatic activity
(Chichorro et al. 2008; Sanchez-Garcia et al. 2010; Pereira et al. 2012). Later,
sedimentation changed to a passive margin setting, without significant magmatism,
from ca. 470 to ca. 400 Ma (Robardet and Gutierrez-Marco 2004). Doubts remain
about the existence of upper Cambrian rocks in the OMZ, but recently rhyolites of
the Estremoz Anticline (Portugal) have been dated at ca. 500 Ma (Pereira et al.
2012). During the middle–late(?) Cambrian to Early Devonian, sedimentation in
the OMZ was essentially siliciclastic (with few Ordovician, Silurian, and Devo-
nian limestones) and typically marine with sandstones and shales preserving tri-
lobites, bivalves, ostracods, brachiopods, graptolites, bryozoans, echinoderms,
corals, orthoconic nautiloids, chitinozoans, spores, acritarchs, and conodonts
(Robardet and Gutierrez-Marco 2004 and references therein). The Cambrian–
Ordovician to Lower Devonian stratigraphy of the OMZ is well preserved in the
Valle and Cerrón del Hornillo synclines and the Venta del Ciervo area (Spain) and
in the Barrancos–Ensinasola area (Portugal and Spain), where samples of silici-
clastic rocks were collected for establishing U–Pb geochronology.
In the Barrancos–Ensinasola area, the middle–upper Cambrian to Lower
Devonian stratigraphy includes (Delgado 1910; Oliveira et al. 1991; Piçarra 2000):
(1) sandstones and shales of the Ossa and Fatuquedo formations (middle–upper
Cambrian); (2) shales of the Barrancos Formation (Lower–Upper Ordovician); (3)
psammites and quartzites of the Colorada Formation (Upper Ordovician–lower
Silurian); (4) black shales and cherts of the ‘‘Xistos com Nódulos’’ Formation
(lower–upper Silurian); (5) shales and sandstones of the ‘‘Xistos Raiados’’ For-
mation (upper Silurian–Lower Devonian), which includes a member consisting of
shales with limestone lenses (Russianas Formation, Perdigão et al. 1982); and (6)
shales, greywackes, and conglomerates of the Terena Formation (Lower
Devonian).
Coarse–medium-grained siliciclastic rocks of the Ossa, Fatuquedo, Colorada,
and Terena formations were sampled for geochronological analysis. U–Pb-dating
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of detrital zircons indicates that no significant variations occur in the sources of the
lower Palaeozoic siliciclastic rocks of southwestern Iberia. In the sandstones of the
Ossa and Fatuquedo formations, which are considered to be middle–upper Cam-
brian stratigraphic equivalents, the youngest detrital zircons found are dated at
early Cambrian (ca. 529 Ma, Fatuquedo Formation) to Ediacaran (ca. 551 Ma,
Ossa Formation). The most significant population of detrital zircons is Neopro-
terozoic (Cryogenian, ca. 650–640 Ma, the most important; and Ediacaran, ca.
599–548 Ma). There are some Palaeoproterozoic ages, and a few Archaean and
Tonian, with Mesoproterozoic ages being almost absent (\1 %). In quartzite of the
Colorada Formation (Upper Ordovician–lower Silurian), the youngest detrital
zircons found are Cambrian (ca. 532 Ma and ca. 501 Ma). The most significant
population is Neoproterozoic (Cryogenian, ca. 660 Ma; Ediacaran, ca. 544 Ma;
and Tonian, ca. 959 Ma and ca. 879 Ma). There are some Mesoproterozoic and
Palaeoproterozoic ages and a few Archaean grains. The presence of Tonian zircons
is distinctive when compared with the Ediacaran Série Negra succession and the
Cambrian formations (Pereira et al. 2011, 2012; this study). In the greywackes of
the Terena Formation (Lower Devonian), the youngest detrital zircons found are
Early Ordovician (ca. 485 Ma and ca. 478 Ma). The most significant detrital
zircon population is early Cambrian (ca. 514 Ma) followed by Neoproterozoic
(Ediacaran, ca. 603 Ma) and Ordovician (ca. 478 Ma). There are some Palaeo-
proterozoic and a few Tonian grains.
The results obtained indicate source areas characterized by zircon-forming
events with North Gondwanan affinity: (1) Palaeoproterozoic and Archaean ages
with an absence or near-absence of Mesoproterozoic ages (West African Craton
zircon-forming events); (2) Neoproterozoic ages (Cadomian–Avalonian and Pan-
African zircon-forming events); and (3) Cambrian and Early Ordovician ages
(zircon-forming events related to rifting on the Gondwana margin that led to the
opening of the Rheic Ocean).
In conclusion, the source areas of the middle–upper Cambrian to Lower
Devonian siliciclastic rocks may be related to the Neoproterozoic basement of the
OMZ (the Série Negra succession) intruded by Cambrian and Early Ordovician
plutonic rocks, and to the lower Palaeozoic sedimentary sequences of the OMZ
with Cambrian and Early Ordovician volcanics. In the oldest siliciclastic rocks,
Cryogenian and Ediacaran detrital zircons are dominant (the Ossa and Fatuquedo
formations), whereas the youngest samples contain Cryogenian and Ediacaran
grains but also include relevant age clusters of Cambrian and Tonian ages (the
Colorada Formation) and of Cambrian and Ordovician ages (the Terena Forma-
tion). These data indicate that, during the middle–late Cambrian, denudation
occurred on the Cadomian basement in the absence of early Cambrian magmatic
rocks. Subsequently, during the Ordovician–Silurian, exposed outcrops of Cado-
mian basement included Cambrian magmatic rocks and a source containing grains
from Tonian zircon-forming events. The occurrence of detrital zircons with
Neoproterozoic (ca. 603 Ma), Cambrian (ca. 514 Ma), and Ordovician (ca.
478 Ma) ages in the Terena greywackes suggests that the OMZ Cadomian base-
ment in the presence of Cambrian–Ordovician magmatic rocks underwent intense
Provenance Analysis of Lower Palaeozoic Siliciclastic Rocks 749
ma.chichorro@fct.unl.pt
denudation during the Early Devonian. No evidence was found for sources outside
North Gondwana. The lack of zircon-forming events younger than ca. 470 Ma
suggests that the middle–upper Cambrian to Lower Devonian siliciclastic rocks of
southwestern Iberia were deposited on a distal shelf of the North Gondwana
passive margin related to the opening of the Rheic Ocean and in the absence of
magmatic activity.
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